The new approach to the construction project planning is presented in the article. The classical net model is enriched by the fuzzy decision node. The decision node allows for alternate choices dependent on appearing circumstances. The alternative net model with fuzzy decision node is an acyclic multi-graph, where some, chosen nodes (events) have multiple connections. These connections represent alternative methods of the certain work execution. Every work (activity) (i, j) in the net model with alternative methods of work execution, despite the basic information comprising the execution time, the cost, the number of necessary workers, should comprise additional information e.g. about a complexity of works, a real feasibility. The alternative ways of a given work execution are evaluated in the decision node based on the fuzzy decision model. Each method is evaluated by assigning it the preference level in a form of the value of the membership function -"equal or higher" ߤ ஹ . The most preferable way of the work execution in a given circumstances, will have the highest value of preference level. When the choice is done the net model is solved in the traditional way. Therefore, the paper concentrates on the process of choosing the method of work execution in the fuzzy decision node. The example calculations accompanying the process of decision taking are presented too. The model requires the use of linguistic variables, a fuzzy numbers, as well as fuzzy preference relations together with some calculations applied the probability theory.
INTRODUCTION
Within the management of the construction project the process of planning it is one of the most important elements influencing the possibility of keeping cost and time i.e. success of a project. It means that decisions taken during the planning phase have a fundamental meaning for construction phase of a project. The main aim of planning of a construction projects is creating a reliable model of execution of the project. It is necessary for proper coordination of the building process participants'
activities. The created model sets a sequence of execution of all works (activities). The process of planning starts before the final scope of works is set, and lasts even till the end of the project. Every stage of a project requires the planning activity with its characteristic methods and tools. The first stage of construction project planning is making preliminary plans -the basis of the project budget, determination of financial and non-financial necessary resources, organization of the project execution etc. Setting the levels of planning, the objects of planning are preceded for each specific project and it is determined taking into consideration following factors:
-specific character of the planned object, -size of the planned object, -geographical location of the planned object, -other circumstances accompanying the works execution, -time planned for project execution.
During this process, the number of levels of planning is set, relevant to the stages of the project as well as relationships (quantitative and time relations) between the planned activities. In a real construction project planning process negative phenomena -that can occur during execution stage and disturb it [2] -are taken into consideration. In general, the possibility of occurring these unfavorable circumstances (for construction project execution) and their negative consequences is named as the risk. It is widely known, that the factors influencing the risk has a random character, so they can be described with the use of term of probability theory, contrary to the "uncertainty" which cannot be described with numbers. In this approach, it is assumed that the probability distributions of the factors influencing the risk are known. Nevertheless finding the probability distribution of any hypothetic event, in a real, single construction project it is very difficult. For these reasons, occupancy of any risk factor is uncertain [6] [7] , [11] , [14] [15] [16] , [18] [19] [20] [21] . The assumption made by the decision maker (the manager) about the probability distribution should make him aware of the negative effects of the divergence between assumptions made and the real circumstances. That is why, for the proper planning decision the suitable tool should be develop to model the uncertainty. This kind of model should allow for analysis of alternate variants of the whole project or its crucial parts, allowing for the proper choice of the variant in relation to the circumstances occurred. This is a multi-criteria decision making widely analyzed e.g. in [4] [5] , [8] [9] [10] , [13] , [20] .
As a result of the process of planning the construction project the net model and the time schedule are created. It is to emphasize that the use of traditional methods (CPM and PERT) in construction industry, where projects are really complex, does not allow for analysis of alternate technologies or organizational solutions of all works necessary to execute.
Considering the fact, that managing the project is proceeded in non-stochastic uncertainty, it is hereby proposed creating -based on traditional net models -the alternate net model with a fuzzy decision node. This approach will allow to model alternative ways of executing a part of a project. The project manager, even surprised by unfavorable circumstances, having the alternatives (shown by fuzzy decision nodes) can adjust execution of the project to the circumstances occurred.
ALTERNATIVE NET MODEL WITH A FUZZY DECISION NODE THE CORE AND THE METHODOLOGY
The net model of a construction project can be created with a different topology and structure. Instead of creating different net models and choosing from them one, the best suitable for predicted circumstances, the alternative model with fuzzy decision node can be created, where the execution can be adopted to the circumstances appeared.
The alternative model with fuzzy decision node it is acyclic multi-graph, where connections (arrows) between some nodes are multiple ones. This multi-arrow structure represents alternate methods of executing a given activity. The preference level described by the values of membership functions of linguistic variables is compared to the important project indicators, based on fuzzy decision model in a decision node.
Every activity (݅ǡ ,j), ݅ ൌ ͳǡ ǥ ǡ ݊ െ ͳǡ ݆ ൌ ʹǡ ǥ ǡ ݊ǡ ݅ ൏ ݆, in the net model despite basic features as: the time, the cost, the number of necessary workers can comprise information about technological complexity, real workability etc. As a result of evaluation every activity has assigned the degree of preference in a form of the value of membership function "equal or higher" ߤ ஹ . The most preferred activity will have the highest degree of preference.
Let's analyze the net model -AOA type (activity on arrow). The concept of the alternative net model with the fuzzy decision node (compared to the traditional AOA net model) is shown on fig. 1 . nature, so using qualitative, expressed by natural language evaluations is justified and desired. The lack of precision of initial data arises from mistakes made during observation of processes, from lack of knowledge about important parameters of the project or circumstances accompanying its execution. This kind of uncertainty can be formalized mainly by using the natural language [24] [25] .
The possibility of analysis and calculation making depends directly on the choice of the mathematical tool. The fuzzy set theory invented by L.A. Zadeh [26] seems a very good, suitable choice, as it is successfully applied in modelling variety of processes in the construction industry [1] , [6] [7] [8] , [12] , [20] [21] [22] [23] . Considering the type of the input data, modelling linguistic variables with fuzzy numbersaccording to the author's opinion -is justified.
The mathematical basis of the choice made from alternatives in the net model is a fuzzy relation of ordering based on linguistic evaluations together with calculation methods applied in the probability theory. There is a lot of articles concerning the fuzzy relations, where the definitions, and classifications of fuzzy relations can be found [3] , [5] , [9] [10] [11] , [27] . The fuzzy order relation for the fuzzy evaluation is determined through probabilistic evaluations made for their crisp (not fuzzy) equivalents [3] . Let introduce the fuzzy order relation type "equal-or-higher" ሺሻ in the set of linguistic evaluations ൌ ൫‫ܭ‬ሺ‫ݔ‬ ଵ ሻǡ ǥ ǡ ‫ݔ‪ሺ‬ܭ‬ ሻǡ ǥ ǡ ‫ݔ‪ሺ‬ܭ‬ ሻ൯. The membership function of the fuzzy order will be as ߤ ஹ ǣ ۹ ൈ ‫܆‬ ՜ ሾͲǡ ͳሿ. Let ߤ ஹ ǣ ۹ ൈ ‫܆‬ ՜ ሾͲǡ ͳሿ be marked as
The value of this function for fuzzy numbers ‫ܭ‬ ሺ‫ݔ‬ ሻ i ‫ܭ‬ ൫‫ݔ‬ ൯ can be calculated with the use of the formula (2.1).
where A and B -fuzzy numbers ߤ ழ -fuzzy order relation type "lower" in the fuzzy number set.
The level of the truthfulness ߤ ழ ሺ‫ܣ‬ǡ ‫ܤ‬ሻ of the fuzzy expression ሺ‫ܣ‬ ൏ ‫ܤ‬ሻ is defeined as the probability that the crisp value of the fuzzy number A is lower than the crisp value of the fuzzy number B [3] :
where ݂݊ሺ‫ܣ‬ሻ -the crisp value of the fuzzy number A.
It implies:
Assuming the independence random variables based on the fuzzy numbers A and B, it can be written that:
ሻ where ‫ݒ‬ ሺ‫ݕ‬ሻ -probability that ‫ݕ‬ is used as the crisp value of the fuzzy number A ߱ ሺ‫ݕ‬ሻ -probability that ‫ݖ‬ used as the crisp number of the fuzzy number B is lower than ‫.ݕ‬ These values can be calculated with the use of the following formulas (2.6-2.8): The function μ ≥ is determined as in the formula (2.9): (2.9)
where ‫ڂ‬ is the generalizing operator for all ‫ݎ‬ criteria. Considering the fact of conformity between the alternatives and their evaluations, the fuzzy preference relation (with the domain of the set of alternatives) can be determined as membership function shown in formula (2.10): 
The expression The fuzzy evaluation of alternate variants of works ai can be shown as a matrix (3.1):
For the example purposes the preferences of the planner were assumed in the form of the vector of the weights W = {0,4; 0,3; 0,3}.
Calculation of the value of the membership functions ߤ ழ ൫‫ܭ‬ ሺܽ ଵ ሻǡ ‫ܭ‬ ሺܽ ଶ ሻ൯ is shown in the formula (3.2):
Referring to the formula for the probability of different alternatives (2.8) we get: Considering that, the sum of evaluations for each alternative is equal respectively: Calculation of the fuzzy relation ߤ ஹ ሺ‫ܭ‬ ሺܽ ଵ ሻǡ ‫ܭ‬ ሺܽ ଶ ሻሻ can be done with the use of the formula (3.14):
The respective values are as follows: 
The preference level ߤ ஹ ሺܽ ଵ ሻ for the alternative ܽ ଵ is equal to ͲǡͶ. Calculation of the fuzzy relation ߤ ஹ ሺ‫ܭ‬ ሺܽ ଶ ሻǡ ‫ܭ‬ ሺܽ ଵ ሻሻ:
Calculation of the preference level for ܽ ଶ alternative, compared to the ܽ ଵ alternative, is executed with the use of weights, by the formula (3.24): The level of preference ߤ ஹ ሺܽ ଶ ሻ of ܽ ଶ alternative is equal to ͲǡʹͶ.
Comparing the levels of preferences of these two alternatives, it can be observed that alternative ܽ ଵ is better (preferred more) than ܽ ଶ alternative, because ߤ ஹ ሺܽ ଵ ሻ ߤ ஹ ሺܽ ଶ ሻ. Having the preferences calculated and the choices made (alternative ܽ ଵ in the example, marked as C in fig. 1 ), the net model analysis can be proceeded then in the traditional, well known methods (which are omitted in the article).
CONCLUSIONS
The proposed by the author alternative net model with the fuzzy decision node allow for analyzing the case where alternate ways of work execution are modelled. This approach make the analysis of some variants possible based on one net model. The variants can vary with more than one feature.
Usually some of the features are really important (e.g. the cost, the time, the complexity of works).
The choice of the variant (made in the fuzzy decision node) simplifies the net model to the plain one, which can be analyzed in a traditional way. The decision making in the fuzzy decision node is based on fuzzy relations and the calculation taken from probability theory. The proposed calculation procedure is not complicated and allow -in a quick way -to model the important parameters of a given work through fuzzy numbers and linguistic variables. Moreover, the decision node allow for the consideration of quantitative factors and qualitative factors too. The proposed alternative net model with the fuzzy decision node allows for overall analysis, considering uncertainty of the input data in a simple way. The example calculated proves that the best variant of works can be chosen quickly based on assumed criteria. It allows for creating ascending series of preferred variants that gives addition information in a form of the preference levels (of alternate ways of works execution).
Combining the decision model (in a form of a fuzzy decision node) with the net model can be helpful in strategic planning as well as for operational planning of construction projects. The fuzzy decision nodes can be placed in deterministic net model as well as in stochastic and fuzzy net models. The core of the issue comes down to choosing the variant of work in the net model with highest level of preference, calculated based on the most important parameters in a given circumstances. Next, the ned model (after the decision node) can be calculated traditionally, according to the rules relevant to the kind of the net model assumed.
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